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Personnel

This grant supported research in theoretical studies of the interstellar medium. Since

1989, this grant supported the following postdoctoral researchers:

Dr. Frank Bertoldi (Oct. 1989 - Aug. 1992)

Dr. Emma Bakes (Oct. 1992- Aug. 1995)

Scientific Research

Research was carried out in the following areas:

i. Structure of Molecular Clouds

Bertoldi (in collaboration with C.F. McKee) investigated the structure of molecular

clouds. Bertoldi & McKee (1992) conclude that many of the clumps in molecular clouds are

actually pressure-confined. Only the more massive clumps are self-gravitating; the most

massive of these are "magnetically supercritical" (i.e., cannot be supported by magnetic

pressure alone) and require generation of internal turbulence to support them.

ii. Structure of HII Regions

Bertoldi (in collaboration with E.B. Jenkins) investigated the implications of IMAPS

ultraviolet observations of absorption toward _Sco by NII ions in the excited fine structure

levels. The observed absorption indicates surprisingly high pressure in the region where

the excited NII is located. Bertoldi and Jenkins (1992) concluded that this high-pressure

"clump" is probably a photoevaporating outflow from a protoplanetary disk around a low

mass star. They argued that there are likely to be large numbers of such systems in the

neighborhood of lrSco, presumably a gravitationally bound star cluster of which rSco is the

only bright member. Until the IMAPS spectra were available the 7rSco HII region appeared

to be an ordinary HII region around a middle-aged B1V + B2V binary far from its natal

molecular cloud. If an "ordinary" binary like _rSco has an associated cluster of low-mass

stars with disks, then this must presumably be a common phenomenon! The Bertoldi

& Jenkins hypothesis - while seemingly radical - may in fact be the least unorthodox

explanation for the observations! Observations to test the hypothesis were proposed; it is

hoped that they will be carried out in the near future.

iii. PAH Molecules: Charging and Photoelectric Heating

Bakes & Tielens (1994ab) studied the charging of PAH molecules by photoelectric

emission and collisions with electrons, and evaluated the heating of the interstellar gas due

to the photoelectric emission. They concluded that if PAHs are present in the ISM with

the abundances required to explain the UIR emission bands, then the photoelectric heating



by PAHs shouldbe the dominant heatingprocessin diffusecloudsand in photodissociation
regions.

The resulting rates of photoelectric heating by PAHs and small grains were used to
study the thermal equilibrium of gas in photodissociation fronts illuminated by cool stars
(Spaansetal. 1994), and the thermal equilibrium of interstellar gas (Wolfire etal. 1995).

Bakes & Tielens (1995) recently reexamined PAH charging processes, and confirmed

that in diffuse regions, including photodissociation fronts, a substantial fraction of PAHs

should be neutral.

Together with Snow, Buss, and Scab, Bakes discussed the implications which the

observed relative weakness of diffuse bands in nebular environment may have on the hy-

pothesis that the diffuse bands are produced by PAH + ions (Snow et al. 1995). Because of

the expected rapid recombination rates for PAH + ions, it is not clear in what environment

the PAHs would be expected to be in predominantly cation form.
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